1. Introduction {#sec1-ijerph-14-01217}
===============

Although patients with severe pelvic fractures present many challenges to the trauma team, a correct diagnosis of pelvic injury is crucial since pelvic injuries often occur in conjunction with other life-threatening injuries. However, there is currently no universal consensus on all aspects of the management of pelvic injuries.

Among patients with multiple injuries because of blunt trauma, 5--16% sustain injuries to the pelvic ring, resulting in a mortality rate of 11--54% that is primarily due to hemorrhagic shock \[[@B1-ijerph-14-01217],[@B2-ijerph-14-01217],[@B3-ijerph-14-01217]\]. Therefore, it is important to control associated hemorrhage when managing pelvic fractures. In most trauma units, the initial management of a pelvic fracture is based on the Advanced Trauma Life Support (ATLS) guidelines developed by the American College of Surgeons (ACS) Committee on Trauma, but these guidelines do not contain data or a consensus on a pelvic stabilization method \[[@B4-ijerph-14-01217]\]. In theory, the reduction and stabilization of the pelvic ring can decrease bleeding from the fracture site \[[@B5-ijerph-14-01217]\], as a reduction of pelvic volume has been shown to reduce the extent of hemorrhage from such injuries \[[@B6-ijerph-14-01217]\]. The sooner that bleeding is brought under control, the greater the chance of avoiding the "lethal triad" of hypothermia, coagulopathy, and acidosis secondary to the hypotension and hypoperfusion of tissue \[[@B7-ijerph-14-01217]\]. Early pelvic stabilization by external mechanical compression (EMC) with different devices, such as C-clamps, external fixators, and sheets, can reduce pelvic volume and control hemorrhage \[[@B8-ijerph-14-01217]\]. However, the use of C-clamps and external fixators is invasive, requires orthopedic expertise and availability, and limits access to the abdomen for exploration, subsequent nursing care, patient positioning, and skin protection. Common noninvasive methods for pelvic stabilization include sheet wrapping and pelvic binders \[[@B9-ijerph-14-01217]\].

Pelvic binders have been used increasingly in recent years. Modern binders are light, easily portable, and simple to apply; moreover, they can be used even in conscious patients, thus reducing pain and movement during transfer. Many western paramedical services and military units are required to carry them at the scene of injury. The application of a pelvic binder has become part of the emergency care of all trauma patients with suspected pelvic fractures, in both the pre-hospital environment and emergency department (ED). The present study aimed to assess the effectiveness of the early use of pelvic binders to treat patients with a suspected high risk of pelvic bleeding from blunt force pelvic fractures.

2. Materials and Methods {#sec2-ijerph-14-01217}
========================

Our hospital is a level I trauma center in Taipei, Taiwan, staffed with in-house attending physicians and equipped with appropriate facilities to manage patients with severe multi-system trauma. This is a retrospective cohort study. The study methods were reviewed and approved by the Institutional Review Board II of the Tri-Service General Hospital, National Defense Medical Center, (TSGHIRB No. 1-103-05-122) and agreed to no informed consent. We enrolled patients (study group) admitted to the ED of Tri-Service General Hospital (TSGH) between August 2013 and July 2014. Enrollment criteria included traumatic injury requiring activation of the trauma team and one of the following risk factors: (1) a loss of consciousness or a Glasgow coma score (GCS) of \<13 points; (2) a systolic blood pressure (BP) of \<90 mmHg; (3) injury due to falling from a height of 6 m (second floor); (4) injury to multiple vital organs; and/or (5) suspected pelvic injury. From August 2013 to July 2014, patients who met the criteria were enrolled and received early pelvic binder use for the emergency management of suspected pelvic trauma as they arrived at our ED. Patients with trauma injury and any type of pelvic fractures confirmed by radiological imaging (such as pelvic X-ray or computed tomography (CT) scan) in accordance with a new protocol emphasizing the early use of a pelvic binder performed by the ED physicians for trauma patients with suspected pelvic injury were included ([Figure 1](#ijerph-14-01217-f001){ref-type="fig"}). Those patients who had no pelvic fractures confirmed by radiological imaging were excluded from the study group and the pelvic binder was immediately removed. Pelvic binders were used to stabilize suspected pelvic fractures in patients with trauma injury in accordance with the ATLS guidelines from the ACS Committee on Trauma. Stabilization of pelvic fractures was achieved by the use of an SAM Pelvic Sling^TM^ II (SAM Medical Products, Wilsonville, OR, USA), which is a commercially available, circumferential pelvic binder made of tightly woven cloth in a ratcheting belt design to achieve uniform, high-pressure, circumferential compression. The SAM Pelvic Sling was applied immediately after a patient's arrival in our hospital ED and was removed after the possibility of pelvic fracture was excluded by radiological imaging or until a definitive pelvic fracture fixation by an orthopedic surgeon.

In the present study, we compared the characteristics of study group patients with historical control group patients for whom, between January 2011 and July 2013, pelvic binders were only applied after clinical or radiological confirmation of a pelvic fracture. We routinely recorded demographic characteristics, initial vital signs in the ED (blood pressure, respiratory rate, and pulse rate), the revised trauma score (RTS), the injury severity scale (ISS) score, the volume of transfused blood in the first 24 h, intensive care unit (ICU) length of stay (LOS), the percentage of patients in each group with an abbreviated injury score (AIS) of ≤3, and hospital LOS. We also compared the study group with the historical control group about complications related to pelvic binder use, how long to find out about any complications, the duration a patient wore a pelvic binder, the time taken to receive an external fixation, the number of patients receiving pelvic surgery, and the time taken to receive an open reduction and internal fixation (ORIF).

A multivariate logistic regression analysis was used to assess the independent impact of pelvic binder use on treatment outcome adjusted for age, gender, GCS, initial vital signs (blood pressure, respiratory rate, and pulse rate), RTS, ISS, angiography for transcatheter arterial embolization (TAE), AIS, and pelvic fracture types.

The results are presented as mean with standard deviation (SD), proportions, and odds ratios (OR); a probability (*p*) value \< 0.05 was considered statistically significant. All statistical analyses were performed using SPSS 13.0 statistical software package for Windows (SPSS, Inc., Chicago, IL, USA).

3. Results {#sec3-ijerph-14-01217}
==========

In the study group, 56 patients with trauma injury and pelvic fractures confirmed by radiological imaging and who had received early use of a pelvic binder were enrolled. In the historical group, there were 148 patients who suffered from trauma injury and pelvic fractures confirmed by radiological imaging and then received use of a pelvic binder. There were no significant differences in patient age, gender, hospital LOS, ICU LOS, RTS, ISS score, percentage of systolic blood pressure \< 90 mmHg, GCS, percentage of AIS ≤ 3, angiography for TAE, type of pelvic fracture, or treatment outcome between groups ([Table 1](#ijerph-14-01217-t001){ref-type="table"}). Patients with suspected pelvic fractures with an initial placement of a pelvic binder achieved significantly improved survival than those for whom a pelvic binder was not initially used, but this tendency did not reach statistical significance. Although there were no statistically significant differences between these two groups, trauma patients with suspected pelvic fractures that were initially stabilized with a pelvic binder had shorter hospital and ICU stays (16.11 ± 12.54 vs. 19.55 ± 26.14 days and 5.33 ± 5.42 vs. 8.36 ± 11.52 days). AIS, hypotension, and fracture classification was more severe in those patients for whom suspected pelvic fractures were initially stabilized with a pelvic binder. However, the average volume of transfused blood in the first 24 h was significantly lower for patients who were initially stabilized with a pelvic binder (2462 ± 2215 mL vs. 4385 ± 3326 mL, respectively; *p* \< 0.01).

We also compared the study group with the historical control group about the complications of using a pelvic binder. There were no statistically significant differences between these two groups, but trauma patients with suspected pelvic fractures who were initially stabilized with a pelvic binder had a longer time to find complication (42 ± 8 vs. 57 h; *p* = 0.08) ([Table 2](#ijerph-14-01217-t002){ref-type="table"}).

Multivariate logistic regression revealed that after adjustment for potential confounders, including the percentage of systolic blood pressure \< 90 mmHg in the ED, respiration rate at arrival, and volume of transfused blood in the first 24 h, because they reached or were near statistical significance, a univariate analysis showed a tendency of a shorter ICU LOS for the group with suspected pelvic fractures that were initially stabilized with a pelvic binder, but this tendency did not reach statistical significance (OR, 0.9; *p* \< 0.302). After adjustment for the influence of confounders, the group with suspected pelvic fractures that were initially stabilized with a pelvic binder achieved significantly lower mortality (OR, 0.04; *p* \< 0.030) in the univariate analysis, and also in the multivariate analysis (OR, 0.00326; *p* \< 0.039) ([Table 3](#ijerph-14-01217-t003){ref-type="table"}).

4. Discussion {#sec4-ijerph-14-01217}
=============

At our hospital, the initial resuscitation, diagnostic evaluation, and management of trauma patients with blunt or penetrating trauma are based on protocols from the ATLS program, established by the ACS Committee on Trauma \[[@B4-ijerph-14-01217]\].

Pelvic ring fractures account for approximately 3% of all skeletal fractures \[[@B10-ijerph-14-01217]\]. Closed pelvic ring disruptions in patients with multiple injuries are associated with a mortality rate of 10--15%, where those associated with intracranial mass lesions or notable abdominal injuries have mortality rates as high as 50%. Pelvic injuries in particular often occur in conjunction with other life-threatening injuries, among which it is especially important to consider hypotension. In cases of suspected pelvic fracture, it is recommended that ED physicians apply gentle pressure over the iliac wings in a downward and medial fashion to identify laxity and instability. In trauma patients, manual manipulation of the pelvis may be detrimental, as a formed blood clot may dislodge resulting in further hemorrhage. Therefore, this procedure should be performed only once during the physical examination, as testing for pelvic instability can result in further hemorrhage \[[@B4-ijerph-14-01217]\]. The results of two retrospective studies showed that the sensitivity of pelvic compression to detect a pelvic fracture was only about 8% \[[@B11-ijerph-14-01217],[@B12-ijerph-14-01217]\]. Once a pelvic fracture is suspected as the primary source of hemodynamic instability after prompt differentiation from other life-threatening injuries, such as hemothorax, cardiac tamponade, or hemoperitoneum, we always use noninvasive methods for pelvic stabilization, including external fixation, use of a commercially designed pelvis binder, or simple pelvic wrapping with a sheet.

However, the process of differential diagnosis of trauma patients in the ED is time-consuming. The sooner bleeding is controlled, the greater chance of preventing the "lethal triad" of hypothermia, coagulopathy, and acidosis secondary to the hypotension and hypoperfusion of tissues \[[@B7-ijerph-14-01217],[@B13-ijerph-14-01217]\]. However, a significant proportion of deaths from pelvic fracture are due to exsanguination. The reduction and stabilization of the pelvic ring are presumed to decrease bleeding at the fracture site. Various methods have been described to stabilize the pelvis and reduce pelvic volume \[[@B5-ijerph-14-01217],[@B14-ijerph-14-01217],[@B15-ijerph-14-01217]\]. Closure of the pelvic ring is thought to tamponade bleeding by diminishing the pelvic volume and accelerating the clotting of a pelvic hematoma.

In recent years, the use of a pelvic binder has become widely adopted in resuscitation protocols worldwide and is well-established in many trauma care facilities \[[@B16-ijerph-14-01217],[@B17-ijerph-14-01217]\]. Chih-Yuan Fu et al. evaluated the use of pelvic compression devices in patients with pelvic fractures who required interhospital transfer, and found a reduction in transfusion requirement, ICU length of stay, and hospital LOS both in stable and unstable fractures \[[@B18-ijerph-14-01217]\]. However, Ghaemmaghami et al. demonstrated that early pelvic compression using pelvic binders may have limited use in centers with the availability of angioembolization \[[@B19-ijerph-14-01217]\]. Till now, no universal consensus on all aspects of the management of pelvic fracture has been made. Besides, the efficacy of the early use of a pelvic binder in the ED for the management of suspected pelvic trauma remains unclear.

Fracture stabilization decreases pelvic volume, promotes tamponade of venous bleeding, and prevents shifting of the bony elements, which can lead to secondary hemorrhage. The rate of hemorrhage in unstable pelvic fractures ranges from 18 to 62.5%, and venous bleeding is the source of hemorrhage in 80--90% of cases \[[@B20-ijerph-14-01217],[@B21-ijerph-14-01217],[@B22-ijerph-14-01217]\]. The iliolumbar vein was found to be disrupted in 60% of cases with pelvic fractures, accounting for the venous hemorrhage observed in fractures of the sacroiliac portion of the pelvis. Moreover, Baque et al. \[[@B23-ijerph-14-01217]\] demonstrated a 20% increase in pelvic volume with a 5-cm pubic diastasis in a cadaver pelvic-fracture model, and Stover et al. \[[@B24-ijerph-14-01217]\] demonstrated an increase in pelvic volume of 35--40% with a large 10-cm pubic diastasis, again in a cadaver model.

To our knowledge, the early use of pelvic binders does not reduce pelvic arterial hemorrhage because it may not generate a sufficient tamponade effect deep within the soft pelvic tissues, but it can provide compression and a tamponade effect, which reduces venous hemorrhage \[[@B12-ijerph-14-01217],[@B25-ijerph-14-01217]\]. Pelvic angiography with embolization is useful to control arterial hemorrhage, but because this procedure controls only arterial hemorrhage, it is beneficial in only 3--10% of patients with pelvic fractures \[[@B26-ijerph-14-01217],[@B27-ijerph-14-01217],[@B28-ijerph-14-01217]\]. The requirement of angioembolization can be predicted by the presence of intravenous contrast extravasation (ICE) on computed tomography (CT), which has a sensitivity of 60--84%, specificity of 85--98%, and positive predictive value of 80%, regardless of hemodynamic status \[[@B29-ijerph-14-01217],[@B30-ijerph-14-01217],[@B31-ijerph-14-01217],[@B32-ijerph-14-01217]\]. In fact, the absence of ICE on admission CT is an excellent indicator for excluding the presence of active arterial hemorrhage, and, therefore, the need for angioembolization, with negative predictive values 98.0--99.8% \[[@B33-ijerph-14-01217],[@B34-ijerph-14-01217],[@B35-ijerph-14-01217]\]. However, these examination procedures take so long to confirm a diagnosis of pelvic fracture that they allow many critical patients' lives to be lost.

Thus, when a pelvis injury is suspected in a hemodynamically unstable patient, physicians should stabilize or "close" the pelvis by securing either a sheet or commercial binder around the fracture, when possible, to reduce pelvic volume and stabilize bone fragments, thereby reducing the risk of major hemorrhage. However, Hedrick-Thompson JK \[[@B36-ijerph-14-01217]\] showed that pressure may cause soft tissue or skin damage. Some studies have suggested that a polytrauma patient is likely to be at increased risk of soft-tissue damage due to systemic factors promoting tissue breakdown and trauma-associated local soft tissue injury \[[@B37-ijerph-14-01217],[@B38-ijerph-14-01217]\]. Knopps et al. recommended that pelvic binders should be used in the short term \[[@B39-ijerph-14-01217]\]. In our study, the comparison of these two groups showed no statistical significance in using pelvic binders, but only showed some high risk in wearing a pelvic binder for too long, which may cause skin necrosis. By the way, a pelvic binder should be limited to use for the short term and cushions should be used in the gluteal fold to prevent tissue breakdown.

Pelvic stabilization reportedly maintains and restores mechanical stability to the pelvis and hemodynamic stability to the pelvic fracture before surgical intervention or angiography \[[@B40-ijerph-14-01217],[@B41-ijerph-14-01217]\]. A pelvic binder is a cost-effective and non-invasive tool and can be used by physicians in an emergency department's resuscitative period or by an emergency medical technician (EMT) in a pre-hospital situation. It can be the bridge to support hemodynamic unstable patients to receive definitive life-saving procedures. The early use of a pelvic binder can lead to the stabilization of vital parameters within a short period. In addition, the establishment of hybrid operating rooms in recent years has allowed trauma surgeons to perform resuscitation and differential diagnosis more quickly. In this way, we can avoid life-threatening scenarios and save more patients' lives.

A previous study compared stabilization with a pelvic binder to emergency pelvic external fixation in 186 patients and found that the requirement for transfusion was significantly lower in the study group at 24 h (4.9 vs. 17.1 U; *p* \< 0.0001) and 48 h (6.0 vs. 18.6 U; *p* \< 0.0001). Moreover, the length of hospital stay (16.5 vs. 24.4 days; *p* = 0.03) and mortality (26% vs. 37% for pelvic orthotic device and emergency pelvic fixation, respectively; *p* = 0.11) was reduced in the binder group, although this difference was not statistically significant \[[@B2-ijerph-14-01217]\].

In our study, we found that a transfusion requirement was significantly reduced in patients receiving prompt stabilization with use of a pelvic binder. The length of ICU stay also showed a decreasing tendency, but did not reach statistical significance. Although none of these differences were statistically significant, it is possible that patients may have experienced worse outcomes had it not been for the early use of a pelvic binder and the study group is too small to reach statistical significance.

Limitation
----------

There were a few potential limitations to our study. It was a single-center experience, and may reflect local patient characteristics. As with most retrospective studies, unmeasured or unknown variables may be responsible for the effects seen, and the subsequent conclusions formulated. We wish that, in the future, many investigations would be available with evidence to support our conclusions.

5. Conclusions {#sec5-ijerph-14-01217}
==============

Because of the ease of application, relatively inexpensive cost, low potential for complications, and benefit to pelvic stability, we recommend the early use of a pelvic binder if pelvic injury is suspected before definitive imaging is available, in the same way as a cervical spine collar is used to protect the cervical spine from further injury prior to the definitive identification and characterization of an injury.
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###### 

Baseline patient characteristics.

  Variable                                                                                           Before Study Group (n = 148)   Study Group (n = 56)   *p*-Value
  -------------------------------------------------------------------------------------------------- ------------------------------ ---------------------- -----------
  Age                                                                                                45.14 (20.96)                  46.36 (21.07)          0.711
  Gender (M/F)                                                                                       1.11 (78/70)                   0.86 (26/30)           0.520
  Hospital_LOS                                                                                       19.55 (26.14)                  16.11 (12.54)          0.346
  ICU_LOS                                                                                            8.36 (11.52)                   5.33 (5.42)            0.252
  RTS                                                                                                7.26 (1.89)                    7.12 (1.62)            0.609
  ISS                                                                                                15.80 (12.02)                  16.91 (13.77)          0.571
  Hypotension (systolic blood pressure ≤ 90), n (%)                                                  12 (8.1%)                      10 (17.6%)             0.09
  respiration                                                                                        18.26 (3.66)                   19.63 (2.32)           0.043
  GCS                                                                                                13.86 (3.30)                   13.66 (3.20)           0.704
  Blood transfusion (mL)                                                                             4385 (3326)                    2462 (2215)            0.009
  Abbreviated injury score, n (%)                                                                                                                          0.365
   ≤3                                                                                                114 (77.0%)                    39 (69.6%)             
   \>3                                                                                               34 (23.0%)                     17 (30.4%)             
  Associated injury, n (%)                                                                                                                                 0.732
   Yes                                                                                               42 (28.38%)                    18 (32.14%)            
   No                                                                                                106 (71.62%)                   38 (67.86%)            
  Angiography for TAE ^a^, n (%)                                                                                                                           0.878
   Yes                                                                                               2 (1.35%)                      1 (1.79%)              
   No                                                                                                146 (98.65%)                   55 (98.21%)            
  Outcome, n (%)                                                                                                                                           0.785
   Survive                                                                                           131 (88.51%)                   51 (91.07%)            
   Mortality                                                                                         17 (11.49%)                    5 (8.93%)              
  Fracture classification ^b^, n (%)                                                                                                                       
   L                                                                                                 124 (83.8%)                    45 (80.4%)             0.710
   A                                                                                                 21 (14.2%)                     9 (16.1%)              0.907
   V                                                                                                 3 (2.0%)                       2 (3.6%)               0.617
  Complication related to use pelvic binder (skin necrosis, soft tissue damage or ischemic change)   2 (1.35%)                      1 (1.79%)              0.731

Values are presented as means and SD unless otherwise indicated. ^a^ transcatheter arterial embolization (TAE) was specific to the hemostasis of pelvic fracture-related retroperitoneal hemorrhage. ^b^ fracture classification: L (Lateral compression), A (Anterior posterior compression), V (Vertical shear). Abbreviations: LOS (length of stay), ICU (intensive care unit), RTS (revised trauma score), ISS (injury severity scale), GCS (Glasgow coma score).
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###### 

A comparison of the study group with the historical control group of using pelvic binders.

  Parameter                                         Historical Control Group (n = 148)   Study Group (n = 56)   *p*-Value
  ------------------------------------------------- ------------------------------------ ---------------------- -----------
  Complication related to use pelvic binder (No.)   2 (1.35%)                            1 (1.79%)              0.731
  skin necrosis                                     2                                    1                      
  soft tissue damage                                0                                    0                      
  ischemic change                                   0                                    0                      
  \* Time to find complications (Hours)             42 ± 8                               57 ± 7                 0.08
  \* Duration of using pelvic binder (Days)         2.6 ± 0.8                            2.9 ± 0.7              0.792
  \* Time to receive external fixation (Days)       2.1 ± 1.1                            2.7 ± 0.9              0.478
  No. of receiving pelvic surgery                   58                                   18                     0.882
  \* Time to receive ORIF (Days)                    6.8 ± 1.3                            7.1 ± 1.5              0.897

ORIF: open reduction and internal fixation. \* Mean ± SD.
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###### 

Logistic regression analysis of risk factors.

  Variable                    Univariate OR (95% CI)   *p*-Value   Multivariate OR (95% CI)     *p*-Value
  --------------------------- ------------------------ ----------- ---------------------------- -----------
  ICU_LOS                     0.87 (0.68--1.13)        0.302       0.77 (0.51--1.17)            0.219
  Result (died vs. nondied)   0.04 (0.003--0.734)      0.030       0.00326 (0.00001--0.73888)   0.039

OR: odds ratio, CI: confidence interval. Logistic regression used to adjust for age, gender, systolic blood pressure, prerespiration, respiration, ISS, morbidity, angiography for TAE, abbreviated injury score (AIS), and fracture classification.
